Background: In general, the Human Immunodeficiency Virus/Acquired Immunodeficiency Syndrome (HIV/AIDS) population has begun to experience the benefits of highly active antiretroviral therapy (HAART); unfortunately, these benefits have not extended equally to Blacks in the United States, possibly due to differences in patient comorbidities and demographics. These differences include rates of hepatitis B and C infection, substance use, and socioeconomic status. To investigate the impact of these factors, we compared hospital mortality and length of stay (LOS) between Blacks and Whites with HIV/AIDS while adjusting for differences in these key characteristics.
Background
Human Immunodeficiency Virus (HIV) has had a devastating impact on the United States, and the effects are far reaching. Each year in the United States, HIV infects over 56,000 people and claims upwards of 14,000 lives [1, 2] . Despite these grim statistics, there has been considerable progress made in curbing the detrimental impact of the epidemic. The introduction of antiretroviral therapy in the late 1980s was the inaugural event in the therapeutic management of HIV patients, and led to lower rates of HIVrelated morbidity and mortality [3] . Moreover, the advent of highly-active antiretroviral therapy (HAART) over a decade ago resulted in even greater reductions in HIVrelated hospitalizations and mortality [4, 5] . While HAART has decreased overall morbidity and mortality in the general HIV population, the benefits of these advances have not extended equally to the Black segment of the community [6] [7] [8] [9] .
Many Blacks may first seek care late in the course of their disease, after they have already become symptomatic with an opportunistic infection (OI) [10, 11] . Because of this late diagnosis, they are at higher risk for an Acquired Immunodeficiency Syndrome (AIDS) diagnosis when they are found to be HIV positive, which may require immediate hospital admission [12] . Black patients may then experience longer hospitalizations and higher mortality rates than White patients [13] [14] [15] [16] [17] . These disparities in health outcomes between Black and White HIV patients may not be attributable to an imbalance in the receipt of HAART [18] .
The presence of these comorbidities may worsen the overall health outcomes of those patients with advanced HIV/ AIDS disease even when equivalent therapy is provided [18] [19] [20] [21] [22] . Substance use, hepatitis B virus (HBV), hepatitis C virus (HCV), and sexually transmitted infections (STIs) have all been linked to increased transmission of HIV, and can potentially complicate the course of the HIV disease [19, 21, [23] [24] [25] [26] . These disparities between the Black HIV/ AIDS population and the non-Black HIV/AIDS population are of critical importance; a deeper understanding of the impact of these disparities in Blacks is needed. To further this understanding, the present study evaluated health outcomes among HIV/AIDS patients in the 1996-2006 National Hospital Discharge Survey (NHDS). This study sought to: (1) compare health outcomes (mortality and length of hospital stay [LOS > 10 days]) between Black and White patients; (2) describe changes in health outcomes for Black and White patients over time in the HAART era; and, (3) quantify baseline rates of OIs, substance use, HBV, HCV, and STIs for Black and White patients.
Methods

Data source
Hospital discharge data were extracted from the 1996-2006 NHDS, a series of annual national surveys conducted by the National Center for Health Statistics (NCHS) of the Centers for Disease Control and Prevention (CDC) [27] . The NHDS has been conducted annually since 1965 by the NCHS. The NHDS are a series of voluntary nationwide sample surveys completed by short-stay hospitals in the United States. The NHDS collects information from non-federal hospitals (excluding military, Department of Veterans Affairs, and other federal facilities such as prison hospitals) in the United States. The US Bureau of the Census is the agent for data collection for these surveys. The hospital staff in each facility are trained by Census personnel to complete the survey instruments. The units of analyses are national discharges rather than estimates for individual patients. Some patients may have multiple discharges from a particular hospital in a given year and the possibility exists that they may be sampled more than once, but due to the complexity of the survey sampling, multiple discharges for an individual patient in a given year are unlikely. National estimates of diagnoses and procedures are classified by International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9) codes. The overall error rate for records manually coded is estimated at one percent for hospital diagnoses, 0.7 percent for surgical and diagnostic procedures, and 0.2 percent for non-medical data entry [27] . Data from the NHDS surveys has been used to evaluate other areas of racial disparities and hospital outcomes [28] [29] [30] .
Study definitions
An HIV/AIDS-associated hospitalization was defined as a hospitalization with at least one of the following ICD-9 codes for discharge diagnosis: 042-044 (HIV disease), V08 (asymptomatic HIV infection), or 079.53 (HIV-2 illness). ICD-9 codes were also collected for diagnoses of HBV, HCV, substance use, sexually transmitted infections, and OIs (Table 1) . OIs were identified using the conditions included in the 1993 AIDS surveillance case definition [31] . Opportunistic infections included: candidiasis, cocciodomycosis, coccidiosis (in place of isosporiasis), cryptosporidiosis, cryptococcosis, cytomegalovirus disease, histoplasmosis, Mycobacterium Avium, pneumocystosis, progressive multifocal leukoencephalopathy, Salmonella, Toxoplasmosis gondii, and tuberculosis [31, 32] . Sexually transmitted infections included chlamydia, gential herpes, gonorrhea, herpes simplex virus, human papilloma virus, Lymphogranuloma venereum, pelvic inflammatory disease, syphilis, and trichomoniasis. All opportunistic infections were classified as either preventable with chemoprophylaxis (Mycobacterium Avium, pnuemocystosis and Toxoplasmosis gondii) or non-preventable with chemo- prophylaxis [33] . For the purpose of data analysis, collapsed categories were created for comorbidities that were reported infrequently. An "other substance use" category was created for types of substance use with a prevalence of < 1% and "other STI" for STIs < 1%.
The NHDS surveys provide information about primary forms of hospital visit payment with standardized options. For the purposes of data analysis, the different forms of insurance were defined as uninsured (no charge or self-pay), government (Medicare, Medicaid, or other government form of payment), private (HMO/PPO, Blue Cross/Blue Shield, or other private insurance), and other/ unknown (workers compensation, other, or not stated).
Study design
This was a retrospective analysis of HIV/AIDS hospitalizations in the United States from 1996-2006. The University of Texas at Austin Institutional Review Board determined this protocol to be exempt (#2009-03-0100). Data included patient demographics (age, race, ethnicity, gender, and marital status), year of discharge, insurance status, geographic location within the United States, hospital LOS, and discharge status. Patients who were < 18 years, those who left against medical advice, those with an unknown discharge disposition, and those with a LOS < 1 day were excluded from data analysis. Patient discharge weighting was incorporated into the dataset to provide national estimates across the United States.
Hospital mortality and LOS > 10 days were evaluated. Mortality was classified as an inpatient admission resulting in death. In order to incorporate survey weights, LOS was then dichotomized (mean LOS ≤ 10 or >10 days) for all hospital discharges. This cut-off was chosen on the basis of the LOS distribution which demonstrated a peak of approximately 10 days. Chi-square tests were used to compare categorical baseline variables (survey year, age, gender, insurance status, and comorbid conditions) between races. Two multivariable logistic regression models were used to assess the impact of race (independent variable) on hospital mortality and LOS >10 days (dependent variables). Known predictors of poor health outcomes among HIV patients were entered simultaneously as covariates into both models. These included gender, insurance status, AIDS-related infections, and injection drug use [9, 34, 35] . The NHDS does not contain an ICD-9 code for 'injection drug use.' The most detailed ICD-9 code for heroin use was included under the umbrella heading of opioid use (which in addition to heroin also includes meperidine, morphine, and other opiates). To avoid grouping all types of substance abuse together, 'cocaine use' was considered a proxy for injection drug use. Likewise, variables that were statistically and clinically significant in chi-square analyses were also entered into both multivariable analyses as covariates. These variables included race, survey year, age, gender, insurance status, geographic region, presence of OI, HBV, HCV, and cocaine use. All data were analyzed using JMP 7.0 ® (SAS Corp, Cary, NC) and an alpha-level of 0.05 was used to determine statistical significance.
Results
From 1996-2006, 1.5 million HIV/AIDS hospital discharges were identified. On average, 138,016 hospitalizations occurred each year. The mean patient age was 42 years and 67% of all patients were male. Blacks accounted for more hospitalizations than Whites (62% vs. 38%). A large proportion of patients had government insurance (66%) or private insurance (22%). Bivariable analyses (Table 2 ) revealed a greater proportion of Blacks were female (41% vs. 21%; P < 0.001). Chi-square analysis revealed a significant relationship between insurance status and race (P < 0.001); Blacks had a higher likelihood of having some form of government insurance (70% vs. 58%) and fewer Blacks than Whites had private insurance (18% vs. 31%).
Comorbidities between Black and White patients
Substance use and OIs were present in 28% and 27% of all discharges, respectively; whereas HCV, STIs, and HBV were reported in 10%, 5%, and 3%, respectively. Common forms of substance use included cocaine use (9%), alcohol use (9%), opioid use (9%), and tobacco use (6%). Herpes simplex was not commonly reported (3%).
Results from bivariable analysis of characteristic differences between Blacks and Whites are reported in Table 2 . A large proportion of both Black and White patients carried diagnoses for OIs (27% vs. 26%; P < 0.001). A significantly greater proportion of Blacks reported substance use (30% vs. 24%; P < 0.001). Conversely, fewer patients in the Black cohort were co-infected with HCV based on ICD-9 codes (8% vs. 12%;P < 0.001). The remaining comorbidities were relatively infrequent among Blacks and Whites. Further analysis revealed significant differences for comorbid subtypes between the two cohorts.
Blacks, when compared to Whites, had a higher prevalence of non-preventable OI (21% vs. 19%; P < 0.001), cocaine use (13% vs. 5%; P < 0.001), opioid use (9% vs. 6%; P < 0.001), and alcohol use (10% vs. 8%; P < 0.001). Table 4 ). Figure 1 depicts trends in crude hospital mortality for Blacks and Whites from 1996-2006. Although both cohorts exhibited decreases in mortality, the decline for Blacks initially lagged behind that of Whites until 2001, when rates for mortality appeared to have converged between the two races. Crude rates for LOS > 10 days were greater for Blacks at the beginning of the study period, but the rates for the cohorts appeared to converge with time ( Figure 2) . Figures 3 and 4 reflect the adjusted hospital mortality and LOS trends over the last decade. Similar to the crude rates, the adjusted rates demonstrate the likelihood of hospital mortality and the likelihood for a longer LOS for Blacks were initially higher than that of Whites in 1996, but the odds for both outcomes appeared to decrease with time.
Hospital mortality between Black and White patients
Annual hospital mortality and LOS trends between Black and White patients
Discussion
This study compared health outcomes for Black and White HIV/AIDS patients across the United States in the HAART era. Despite the many successes that have resulted from combating the disease over the past decade, published data suggest that Blacks continue to experience a disproportionate burden of HIV infection. Not only are Blacks overrepresented in the total number of people living with the disease, they continue to experience the highest rates of new infections and AIDS-related deaths [36] . In the general US population, there are approximately 5 times fewer Blacks than Whites. Of the 1.5 million HIV/ AIDS hospital discharges identified in this study, Blacks were 6 times more likely to be hospitalized than Whites, a disparity that has been identified in previous studies conducted after the initiation of HAART [16, 17, 37] . Although the crude mortality rates were similar for Blacks and Whites in the present study, Black race, in the presence of comorbidities, substance use, and socioeconomic status, was associated with longer LOS, but not in-hospital mortality. Furthermore, both mortality and LOS seem to have converged with time. Based on the multivariable regres- Although HAART is clearly an effective treatment for HIV, the clinical benefits of therapy may not extend equally to patients who are diagnosed with advanced stages of infections [4, 5] . Thus, the high proportion of patients with OIs was concerning for both study cohorts. Nonetheless, Black patients demonstrated slightly higher rates of OIs compared to Whites. This study confirmed that the presence of an OI was predictive of higher mortality as well as extended hospitals stays in multivariable regression models. As previously mentioned, Blacks have been reported to seek care later in the course of infection after they are symptomatic from their illness [13] [14] [15] . The increased rate of mortality among Blacks has been well documented [9, 16, 23, 38] . One such study by Jain and colleagues reported poorer outcomes among patients with OIs, specifically highlighting the elevated risk for Black patients [34] . The Jain study differs from the present study in that the investigators were unable to evaluate comorbidities, and various forms of substance use.
Baseline rates of substance use were higher among Blacks than Whites. The rate of cocaine use for Blacks was almost three times that of Whites; interestingly, regression analysis revealed cocaine use was 'protective' for mortality, perhaps because cocaine use was also associated with younger age. Nevertheless, studies suggest illicit drug use may have a negative impact on the treatment and course of HIV/AIDS infection [39, 40] . Concomitant use of illicit substances may also interfere with a patients' ability to adhere to antiretroviral regimens, thereby placing them at risk for poorer health outcomes [23, 39, 40] . Cocaine has been demonstrated in vitro and in experimental animal models to enhance viral replication and interfere with the body's ability to defend itself naturally against infection. This may hasten disease progression and the development of AIDS-defining conditions, even among patients who are adherent to antiretroviral therapy [41] [42] [43] . However, definitive data directly implicating illicit drug use as a causative factor in increased HIV susceptibility or disease progression remain elusive [41] . Of the various types of substance use in this study, cocaine use was the most likely form of injection drug use, which has also been implicated in the transmission of not only HIV, but also HBV and HCV, particularly among minority populations [23] [24] [25] .
Beyond the HIV/AIDS population, other racial disparities exist for Blacks; they tend to have higher rates of HBV and HCV compared to Whites [24, 25, 44] . Furthermore, response to therapy for HCV is markedly diminished for Blacks [45] . Interestingly, in the present study the rates of HBV coinfection were similar among both study cohorts and HCV coinfection rates were lower for Blacks than for Whites. Although hepatitis coinfection is associated with increased mortality, the true rates of HIV/HCV coinfection and its implications for health outcomes among Black populations remain ill-defined [26, 46] .
Likewise, the national impact of race disparities among individuals with concomitant STIs is not well-characterized [47] . The increased risk for contracting HIV with simultaneous STIs (both ulcerative and non ulcerative) has been well established [47] [48] [49] [50] . HIV, coupled with infections such as syphilis, may negatively impact the immune status of the individual and may lead to higher rates of treatment failure [19, 51, 52] . Furthermore, genital herpes, gonorrhea, chlamydia, syphilis, bacterial vaginosis and chancroid, are reportedly higher in minority populations [47] . In the present study, reported rates of STIs were relatively low in both groups of hospitalized patients. Complications from STIs including severe herpes simplex virus, syphilis with neurologic involvement, and acute pelvic inflammatory may require aggressive treatment necessitating hospitalization, whereas most other STIs can be managed effectively in the ambulatory setting [53] . Therefore, STIs were not included in regression analyses. Definitive conclusions regarding STIs could not be made from this cohort of hospitalized patients. Nevertheless, a higher percentage of Blacks carried an STI ICD-9 diagnosis.
A surprising, but fortunate finding from this study is the possibility that racial disparities in hospital outcomes may be closing with time. This possible reduction in racial disparities in outcome has been demonstrated elsewhere [8, 37, 54, 55] . Similar to the Giordano and Hlaing studies, this study was not able to incorporate antiretroviral use in the regression analysis [37, 55] . Antiretrovirals, if prescribed properly, may reduce differences in outcomes between Blacks and Whites [8, 54] . Yet, in stark contrast, Jain and colleagues concluded that the disparity for higher mortality for Black HIV patients has actually widened in the HAART era [34] . According to their results, the elevated risk of a poor outcome was also attributable to the presence of an opportunistic infection, a finding that is consistent with the present study. Another study by Levine and colleagues also substantiates these findings. They identified that higher rates of mortality existed among Black males both before and after the introduction of HAART [9] . The investigators lacked data for comorbid conditions and also did not evaluate hospitalized patients. The current study evaluated all-cause hospital mortality, whereas the two studies that concluded Blacks were at increased risk for mortality used surveillance data and a combination of inpatient and outpatient data [56, 57] . The present study had the most patient records and the longest duration of any of the studies identified in the literature review.
This study shares the limitations of all retrospective cohort studies. In addition, the analysis was limited by the lack of available clinical variables, including medication information, time of HIV diagnosis, and objective clinical markers of disease progression. Therefore, we could not assess the relationships between quality of care indicators and patient outcomes. Additionally, management of acute HBV, HCV, and STIs may not require hospitalization. These data are also limited by proxies for racism and discrimination that are known predictors of raciallybiased outcomes. These variables are important when describing disparities and could have at least partly explained the racial variations and/or non-variations found in this study. The data source lacks information regarding patients of Hispanic descent; therefore, we were unable to draw conclusions about health disparities for this minority group that is also facing a disproportionate burden of HIV [36] . Another limitation is that patients who were admitted for less than one day, or who left the hospital against medical advice were excluded from the analysis. It is possible these patients ultimately suffered suboptimal health outcomes (early mortality). The survey scope encompassed only non-federal hospitals, so the 
Conclusion
This study characterized the rates of comorbid conditions, hospital mortality and LOS, and evaluated trends in health outcomes among Black and White HIV/AIDS patients over a decade. Some disparities may still persist despite the availability of effective interventions to reduce morbidity and mortality. This national assessment of hospital discharges demonstrates that Black race may be predictive of longer LOS, but not mortality. In addition, disparities in health outcomes may be decreasing with time. Further research efforts are warranted to recognize and clarify the complexities facing the Black HIV/AIDS population in order to reduce health disparities.
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